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ABSTRACT 


The Middle Jurassic (Bathonian) Itat Formation at Berezovsk Quarry, Krasnoyarsk Territory (West Siberia, 
Russia) has produced abundant remains of stegosaurs. Numerous isolated teeth are found at various microvertebrate 
sites, and associated skeletal remains, mostly vertebrae, ribs, and ilio-sacral block fragments were excavated at the 
Stegosaur Quarry. These remains likely belong to one taxon which is characterized by numerous secondary ridges on 
one crown side in cheek dentition, six vertebrae in the synsacrum, four sacral and one dorsosacral ribs, lack of dorsal 
process on the transverse process in anterior caudals, moderately expanded tops of the neural spines in anterior 
caudals, and large triangular transversely thin dorsal dermal plates. The combination of these and other features is 
not characteristic for any other known stegosaur taxon and the Berezovsk stegosaur likely represents a new taxon. 
Among known stegosaurs it is most similar with Stegosaurus from the Late Jurassic and Early Cretaceous of North 
America and Asia by having numerous secondary ridges on teeth, a right angle between the supraacetabular flange 
and the anterior iliac process of ilium and in the structure of the dorsal dermal plates. It differs from Stegosaurus by 
plesiomorphically unexpanded tops of the neural spines and lack of dorsal process on the transverse processes in the 
anterior caudal vertebrae. The Berezovsk stegosaur is among the oldest stegosaurs in the fossil record. 
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PE3SIOME 


MuorouncileHHble OCTaTKM CTerosaBpOB OOHAapy2KeHbI B OTJIOKeHHAX CpeHelopcKol (6aT) MTATCKOÄ CBUTHI, 
BCKpbITOM B BepesoBcKom Kapbepe Kpacuospcxoro Kpaa (3anannaa Cu6upp, Poccus). MHorouncseHHble n30JIM- 
POBaHHble 3YObI IIPOHCXOJAT H3 pa3sJIMUHbIX MECTOHAXO*K[eCHHit MAKPOMO3BOHOUHBIX B Kapbepe. ACcolMMpoBaHHble 
CKEJIETHbIe OCTATKH (B OCHOBHOM IIO3BOHKH, peOpa n bparMeHTH! MOB3A0UIHO-KpecTHOBOrO ÓJIOKa) HaliJeHbI B 
“cTerO3aBPOBOM pacKolle”. ITH OCTATKH, BEpOATHO, IpHHAJICKAT OCOOAM OAHOTO TaKCOHA, KOTOpbIii XapakTepu3y- 
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eTCA MHOFOUMCJICHHbIMM BTOpHYHDIMH [peOHAMH Ha OMHOL CTOPOHE KOPOHKH IEYHbIX 3yOOB, IeCTbIO NO3BOHKAMH 
B CJIOXKHOM KpECTHE, YETÞIpÞMA KPpeCTIOBbIMHM H OJHUM CIIMHO-KpeCTIOBbIM peOpaMU, OTCYTCTBHeM JLOpcasIbHOrO 
OTPpOCTKa Ha MOMepCYHbIX OTPOCTKAaX HePpeAHUX XBOCTOBBIX I1O3BOHKOB, YMCPeHHO paclIMpCHHbIMM BEpHIMHAMH 
OCTHCTÞIX OTPOCTKOB HepeAHUX XBOCTOBBIX INO3BOHKOB H OOJIbINMMM TpeYFOJIbHbIMM MOMepeYHO TOHKHMH CIIMH- 
HbIMM KOCTHBIMH IJIACTHHKAMH. KomOuHallMa ƏTUX M APyrUX Wpu3HaKOB He XapakTepHa JIA KAKOTO-HHŐYJb M3- 
BeCTHOTO TaKCOHa CTero3aBpoB, H, WoaTOMY, bepe3soBcKui CTero3aBp, BEPOATHO, HNPHHAJICKHT K HOBOMY TaKCOHY. 
Cpeav M3BeCTHBIX CTero3aBpoB OH HanOosee CXOMEH C Stegosaurus U3 IO3MHEÄ IOpÞI M paHHero Mesa CepepHoit 
Amepuku H A3HH NO HAJIMHYHIO MHOTOYHCJICHHDIX BTOpHYHDIX rpeduHeii Ha 3y6ax, NO IIPAMOMY YIJly MEXKLy Haj- 
BEpTJIYKHÞIM (ÞþJIAHTOM H NEpeHHM OTPOCTKOM TO/B3/OWHOM KOCTH M INO CTpOCHHIO CIHHHDIX KOCTHBIX IJIACTH- 
HOK. Bepe3oBckuii CTEro3aBp OTJINYAETCA OT Stegosaurus TAKUMU NpPUMHTHBHbIMH YepTaMH, Kak CJIa6O NOnepeyHo 
pacIHpeHHbIe BEpINMHDI OCTHCTHIX OTPOCTKOB H OTCYTCTBHE AOPCa/IbHOFO OTPOCTKa Ha MONEpeEYHDIX OTpOCTKAX 
IIEpEAHHX XBOCTOBbIX HO3BOHKOB. Bepe30BCKHÄ CTerosaBp ABJIAETCA OAHUM H3 HaHÓOJIEe APeBHUX CTeETO3aBPOB H3- 


BeCTHBIX B reOJIOTHYECKOH JIETOMMCH. 


Kmouespie coga: Dinosauria, cpequaa topa, Poccua, Stegosauria, 3anaqHaa Cu6upp 
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INTRODUCTION 


The Middle Jurassic (Bathonian) beds of the 
Itat Formation, revealed in the Berezovsk Quarry 
on the south of Krasnoyarsk Territory, West Siberia 
(Fig. 1) has produced a diverse fauna of vertebrates, 
including fishes, salamanders, turtles, choristoderes, 
lizards, crocodiles, pterosaurs, dinosaurs, tritylo- 
dontids, and diverse mammals (see Averianov et al. 
2005 for details). This fauna is known mostly from 
small sized disarticulated specimens obtained during 
underwater screen-washing at various fossiliferous 
strata within the Itat Formation, but in one place, 
called the Stegosaur Quarry (Fig. 2), associated but 
usually not articulated larger dinosaur bones were 
excavated by S.A. Krasnolutskii and his assistants 
during three field seasons (2005-2007). Majority of 
dinosaur bones from this quarry belong to stegosaurs, 
and at least two individuals are present. The bones 
are irregularly scattered along the surface indicat- 
ing a long period of sub-aerial exposure. The burial 
was biased to mostly vertebrae, ribs, and ilio-sacral 
blocks. The limb bones and dermal plates are known 
from single specimens and the cranial bones are lack- 
ing altogether. The purpose of this paper is to give a 
detailed morphological description to the stegosaur 
remains from this quarry and the microvertebrate 
sites. In the taxonomy of Stegosauria we follow the 
recent revision by Maidment et al. (2008). 

Tooth measurements. BCW, basal crown width; 
FABL, fore-aft-basal length; TCH, tooth crown 
height. All linear measurements are in mm. 

Institutional abbreviations. SHRM, Sharypovo 
Regional Museum, Krasnoyarsk Territory, Russia. 
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Fig. 1. Geographic position of Berezovsk Quarry (asterisk) on 
the map of Russia (top, Krasnoyarsk Territory is in green) and in 
the vicinity of Sharypovo city (bottom; the map is modified from 
http://maps.google.ru/maps). 
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Fig. 2. Stegosaur Quarry map (left) and S.A. Krasnolutskii excavating the stegosaur bones at this site (right) in the Berezovsk Quarry, 


Krasnoyarsk Territory, Russia. 


ZIN PH, Paleoherpetological collection, Zoological 
Institute of the Russian Academy of Sciences, Saint 
Petersburg, Russia. 


SYSTEMATICS 


Dinosauria Owen, 1842 
Ornithischia Seeley, 1887 
Stegosauria Marsh, 1877 


Stegosauria indet. 
(Figs. 3-13) 


Material. ZIN PH 1—2/117 and numerous un- 
catalogued specimens, isolated teeth; SHRM 205/1, 
posterior cervical(?); SHRM 203-—204/1, anterior- 
most dorsals; SHRM 8/1, 9/1, 11/1, 103/1, 104/1, 
122/1, 123/1, 206/1, dorsals; SHRM 3/1, 5/1, 6/1, 
14/1, 15/1, 28/1, 109/1, dorsal neural arches; SHRM 
12/1, dorsal neural arch with ankylosed rib; SHRM 
52-56/1, 58/1, 59/1, 63/1, dorsal ribs; SHRM 
17-26/1, 95-99/1, 106/1, 120/1, 121/1, caudals; 
SHRM 10/1, 30/1, 200/1, 201/1, 207/1, caudal cen- 
tra; SHRM 31/1, 208/1, chevrons; SHRM 210/1 and 
211/1, fragmented ilio-sacral blocks; SHRM 45/1, 
fragment of right anterior process of ilium; SHRM 


214/1, fragment of left anterior process of ilium; 
SHRM 40/1, ungual phalanx; SHRM 212/1, dorsal 
dermal plate. 

Description. Several dozens of isolated stegosaur 
teeth were found during screen-washing at various 
microvertebrate sites within the fossiliferous bed of 
the Itat Formation; no teeth have been found at the 
Stegosaur Quarry. The tooth morphology is typical 
for stegosaurs (Fig. 3; Galton and Upchurch 2004). 
The crown is covered with enamel on both sides and 
slightly asymmetrical. The mesial side is more convex 
and bears a greater number of denticles, five to eight 
compared with three to five on the distal side. As a 
result, the median cusp is slightly posterior to the 
midline of the crown. The cingulum is robust and al- 
most complete, except a short interval on one side of 
the crown (labial or lingual), where it is very weak or 
absent. The median cusp is closer to this crown side 
than the lateral denticles, giving to the denticulated 
ridge a wide V-shape in occlusal view (Fig. 3A, D). 
On this crown side there is a “complex network of 
secondary ridges” (Fig. 3B), which among stegosaurs 
was noted previously only for Stegosaurus (Galton 
and Upchurch 2004, p. 350). Also the enamel ap- 
pears to be more wrinkled on this side (compare Fig. 
3E, F). On the opposite side, there are fewer ridges, 
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Fig. 3. Isolated teeth of Stegosauria indet. from Berezovsk Quarry, Krasnoyarsk Territory, Russia (Itat Formation, Middle Jurassic) in 
occlusal (A, D) and two side (other figures) views: A-C — ZIN PH 1/117; D-F — ZIN PH 2/117. Scale bar = 1 mm. 


and groves between denticles are more consistent, 
extending to the base of the crown (Fig. 3F). But on 
other specimens (Fig. 3C) there are secondary ridges 
on this side also, which are, however, confined to 
the basal and central part of the crown. The root is 
cylindrical, distinctly narrower than the crown and 
slightly constricted below the cingulum. Some teeth 
have facets on the cingulum closer to the mesial or 
distal side caused apparently by occlusion with the 
neighboring teeth and indicating some overlap of the 
teeth in the dental series. The largest complete tooth 
in the sample (ZIN PH 1/117; Fig. 3A—C) has FABL 
6.7, BCW 4.5, and TCH 6.4. There are many teeth 
of various sizes and with different states of dental 
wear, some of which are completely eroded. Appar- 
ently, these teeth were swallowed and digested by 
the animal. Some teeth were in use until the crown 
was completely worn dawn and represent fungus-like 
structures with a thin apically concave cap. 

In all dorsal vertebrae the centra are spool-shaped 
and amphiplatyan. The vertebrae SHRM 203-—205/1 
(Fig. 4) differ from the typical dorsals by an asym- 
metrical centrum in lateral view. In SHRM 204/1 
the anterior intercentral articulation surface projects 
ventrally below the posterior intercentral articulation 
surface, while two other specimens show the reversal 


condition. Specimens SHRM 204/1 and SHRM 
205/1 were found in association, but SHRM 203/1 
was found in a different place and may not belong to 
the same individual. The parapophysis is not clearly 
discernible on these specimens, but in SHRM 205/1 
it is possible just below the neurocentral suture. If this 
is correct, this vertebra would be a posterior cervi- 
cal. Two other specimens are likely the most anterior 
dorsals. The neural arch in SHRM 203/1 is high, as 
in typical dorsals (the height of pedicel is ~1.4 times 
the height of the centrum). In two other specimens 
the neural canal is wider, and in SHRM 205/1 the 
neural arch is relatively low, as in the anterior dorsal 
of Huayangosaurus (Maidment et al. 2006, fig. 2A, B). 
The centrum is relatively short; the centrum length 
is approximately equal to centrum width in SHRM 
204/1 and SHRM 205/1 and little smaller in SHRM 
203/1. In SHRM 204/1 and SHRM 205/1 the in- 
tercentral articulation surfaces are more squarish 
compared to the rounded surfaces in SHRM 203/1 
and typical dorsals. The anterior margin of the neural 
arch pedicel is with level with the centrum anterior 
surface and vertical with or slightly overhanging the 
latter. The posterior margin of the neural arch pedicel 
is sloping towards the posterior centrum surface. The 
transverse process, preserved completely on right side 
of SHRM 203/1 (Fig. 4G—I), is short and oriented at 
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70° to the sagittal plane. The 
prezygapophyseal articula- 
tion surfaces are not fused 
ventrally and are oriented at 
about 45° to the sagittal plane. 
The postzygapophysis, best 
preserved in SHRM 203/1 
(Fig. 4G, H), is anteroposte- 
riorly elongate and projects 
posteriorly beyond the poste- 
rior intercentral articulation 
surface. The neural spine, 
preserved in SHRM 203/1 
(Fig. 4G-1), is a low plate 
triangular in lateral view and 
not widened dorsally. 

The other dorsals (Figs. 
5-6) show typical stegosau- 
rian morphology (Galton 
and Upchurch 2004). The 
ventral margin of the centrum 
is slightly concave or almost 
straight in lateral view. The 
lateral side of the centrum 
is smooth, without a longi- 
tudinal ridge or depression. 
The neural canal varies in 
width and height (the latter 
is 29-71% of the centrum 
height, measured along the 
anterior side). In most speci- 
mens it is relatively low and 
tear-drop shaped (Fig. 5). In 
some specimens with a broken 
thin plate above the canal it 
appears very high and narrow 





Fig. 4. Posterior cervicals or anterior 
dorsals of Stegosauria indet. from Be- 
rezovsk Quarry, Krasnoyarsk Terri- 
tory, Russia (Itat Formation, Middle 
Jurassic): A-C — SHRM 205/1, in 
anterior (A), lateral (B), and poste- 
rior (C) views; D-F — SHRM 204/1, 
in posterior (D), lateral (E), and 
anterior (F) views; G-I — SHRM 
203/1, in posterior (G), lateral (H), 
and anterior (1) views. 

Abbreviations: di —  diapophysis; 
nc — neural canal; ns — neural spine; 
prz — prezygapophysis; psz — postzy- 
gapophysis. Scale bar = 5 cm. 
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Fig. 5. Dorsals of Stegosauria indet. from Berezovsk Quarry, Krasnoyarsk Territory, Russia (Itat Formation, Middle Jurassic): A-D — 
SHRM 11/1, in posterior (A), ventral (B), lateral (C), and anterior (D) views; E-H — SHRM 8/1, in posterior (E), ventral (F), lateral 
(G), and anterior (H) views. 

Abbreviations: di — diapophysis; nc — neural canal; ns — neural spine; pa — parapophysis; prz — prezygapophysis; psz — postzygapophysis. 
Scale bar = 5 cm. 
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Fig. 6. Dorsals of Stegosauria indet. from Berezovsk Quarry, Krasnoyarsk Territory, Russia (Itat Formation, Middle Jurassic): A-C — 
SHRM 123/1, in posterior (A), lateral (B), and anterior (C) views; D-F — SHRM 206/1, in posterior (D), lateral (E), and anterior (F) 
views. 

Abbreviations: di — diapophysis; nc — neural canal; ns — neural spine; pa — parapophysis; prz — prezygapophysis; psz — postzygapophysis. 
Scale bar = 5 cm. 
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Fig. 7. Isolated dorsal ribs of Stegosauria indet. from Berezovsk Quarry, Krasnoyarsk Territory, Russia (Itat Formation, Middle Jurassic) 
in anterior or posterior views: A — SHRM 63/1; B — SHRM 53/1; C — SHRM 54/1; D — SHRM 58/1; E — SHRM 55/1; F — SHRM 


59/1; G — SHRM 52/1. Scale bar = 10 cm. 


(e.g., SHRM 206/1; Fig. 6D, F), which is an artifact 
of preservation (some postmortem compression of 
vertebrae is also likely). The height of the pedicel 
varies from 138% to 204% of the centrum height (the 
mean value is 170% for nine measurements). There 
is a deep pocket-like depression on the posterior side 
of the neural arch pedicel above the neural canal and 
between the lateral columnar buttresses support- 
ing the postzygapophyses. The anterior side of the 
pedicel above the neural canal is flat and with level 
with the lateral buttresses supporting the prezygapo- 
physes. The parapophysis is placed approximately at 
the level of prezygapophyses. It has a short pedicel 
in SHRM 5/1 and SHRM 8/1 (Fig. 5E, H). The 
transverse processes are robust and T-shaped in cross 
section, with the longitudinal supporting ridge ex- 
tending ventrally between the parapophysis and the 
diapophysis. As typical for stegosaurs, the transverse 
processes are united between the prezygapophyses 
and the neural spine. The orientation of the trans- 


verse processes to the sagittal plane varies from 20° 
to 65°; in the specimens with the low angle they are 
almost as high as the neural spine. These specimens 
possibly come from the middle of the dorsal series. 
The prezygapophyses are joined ventrally and form 
a U-shaped common articulation surface in most 
specimens but are separated by a deep groove in 
SHRM 109/1. The articulation surfaces are oriented 
from 31° to 55° to the sagittal plane. Usually there 
is a prominent ridge between the prezygapophyseal 
articular surface and the base of the neural spine. The 
anterior base of the neural spine is positioned level 
with the centrum midline. The anterior and posterior 
margins of the neural arch pedicel converge towards 
the base of the diapophysis and zygapophyses, in 
contrast with the anteriormost dorsals described 
above, where the anterior margin is subvertical. The 
postzygapophysis is elongated and projects posteri- 
orly beyond the centrum. The postzygapophyseal 
articular surfaces are separated by a ventral groove. 
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The vertical ridge between the postzygapophyses and 
the top of the neural canal is variably developed. The 
neural spine is completely preserved in SHRM 8/1 
and SHRM 123/1 (Figs. 5E, G, H and 6A-C). It is a 
plate like-structure extending between the posterior 
ends of the prezygapophyses and postzygapophyses 
and slightly tapering dorsally. 

There are several isolated dorsal ribs (Fig. 7). 
SHRM 63/1 (Fig. 7A) with a relatively large and 
massive capitular process and wider rib shaft could be 
among first dorsal ribs or even the posterior cervical 
ribs. The tuberculum is relatively small in all speci- 
mens. SHRM 52/1 (Fig. 7G) with the longest and 
straightest shaft apparently comes from the middle 
of dorsal series. The rib shaft has a T-shape in cross 
section as in Stegosaurus (Gilmore 1914; Ostrom and 
McIntosh 1999, pl. 20), with a perpendicular lateral 
lamina in the proximal part forming a ridge in ante- 
rior view. 

The sacral vertebrae are known from two frag- 
mentary ilio-sacral blocks (SHRM 210/1 and SHRM 
211/1). In SHRM 210/1 there are six coosified cen- 
tra (Fig. 8), the two anterior of which are apparently 
dorsosacrals. The second dorsosacral appears to share 
the sacral rib with the first sacral, as in Stegosaurus 
(Ostrom and McIntosh 1999, pl. 24). The first dor- 
sosacral has a round intercentral articulation surface 
which is flattened dorsally. The second dorsosacral 
centrum has a prominent ventral keel. The sacral cen- 
tra are longer than wide and are approximately equal 
in length. The sacral neural arches are better preserved 
in SHRM 211/1. The neural arch is transversely 
about twice as wide in the third vertebra (sacral 1) 
compared with the first vertebra (dorsosacral 1), 
indicating widening of the sacral neural canal, simi- 
larly to that of Stegosaurus and Kentrosaurus. SHRM 
211/1 preserves four sacral ribs and one dorsosacral 
rib attached to the ilium (Fig. 12C). Stegosaurs usu- 
ally have four robust sacral ribs, but in some there is 
an additional slender dorsosacral rib (Gilmore 1914, 
fig. 23; Galton and Upchurch 2004, p. 353). SHRM 
211/1 agrees with this condition: the dorsosacral 
rib is slender and anteromedially directed, while the 
remaining sacral ribs are more robust and directed 
more medially. 

Caudal vertebrae are common at the Stegosaur 
Quarry. The specimens SHRM 95-99/1 were found 
in association and apparently represent a continu- 
ous caudal section of one individual. The vertebrae 
SHRM 22/1 and SHRM 120/1 (Fig. 9A—C) are 
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Fig. 8. SHRM 210/1, coosified dorsosacral and sacral centra of 
Stegosauria indet. from Berezovsk Quarry, Krasnoyarsk Territory, 
Russia (Itat Formation, Middle Jurassic) in anterior (A), ventral 
(B), and lateral (C) views. 

Abbreviations: ds1—ds2 — dorsosacrals one and two; s1—s4 — 
sacrals one to four; sr — sacral rib. Scale bar = 10 cm. 


among the first three or four caudals. They are simi- 
lar to the third caudal of Stegosaurus (Ostrom and 
McIntosh 1999, pl. 25) in having a short and wide 
centrum and long transverse processes directed vent- 
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Fig. 9. Anterior caudals of Stegosauria indet. from Berezovsk Quarry, Krasnoyarsk Territory, Russia (Itat Formation, Middle Jurassic): 
A-C — SHRM 120/1, in posterior (A), lateral (B), and anterior (C) views; D-F — SHRM 121/1, in posterior (D), lateral (E), and 


anterior (F) views. 
Abbreviations: nc — neural canal; ns — neural spine; prz — prezygapophysis; psz — postzygapophyses; trpr — transverse process. Scale bar = 


10 cm. 
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Fig. 10. SHRM 31/1, chevron of Stegosauria indet. from Berezovsk 
Quarry, Krasnoyarsk Territory, Russia (Itat Formation, Middle 
Jurassic): dorsal (A), posterior (B), anterior (C), and lateral (D) 
views. Scale bar = 5 cm. 
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rolaterally, but differ in lacking the dorsal process on 
the transverse process, and the neural spine is much 
less expanded distally. The neural spine gradually 
widens laterally towards the distal end. It is concave 
anteriorly and flat posteriorly. The zygapophyses 
are widely separated and have flat articulation sur- 
faces. In more posterior caudals (e.g., SHRM 121/1; 
Fig. 9D-F) the centrum is longer and transversely 
narrower, with very short transverse processes. The 
neural spine bears a club-like structure on the top. 
In still more posterior caudals the transverse process 
disappears and the neural spine club is variably de- 
veloped. There are few fragmented posterior caudals. 
The centrum SHRM 201/16 is longer anteroposte- 
riorly than transversely wide and hexagonal in cross 
section, with distinct median ridges on lateral sides. 
For the measurements of vertebrae see Table 1. 

The chevrons are represented by two specimens, 
among which SHRM 31/1 is more complete (Fig. 10). 
They are similar to those of Stegosaurus (Gilmore 
1914, fig. 29). The articular heads are expanded and 
globular, but not united. The haemal canal is high 
and oval-shaped. The shaft is long and a little curved, 
with a ridge along the anterior surface and a groove 


posteriorly. 
dsr1 


sr3 
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Fig. 11. Fragments of ilio-sacral block of Stegosauria indet. from Berezovsk Quarry, Krasnoyarsk Territory, Russia (Itat Formation, Middle 
Jurassic): A, B — SHRM 210/1, left ilium in lateral (A) and dorsal (B) views; C — SHRM 211/1, right ilium and attached sacral ribs in 


ventral view. 


Abbreviations: aip — anterior iliac process; dsr1 — dorsosacral rib 1; saf — supraacetabular flange; sr7—sr4 — sacral ribs one to five. Scale 


bar = 10 cm. 
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Fig. 12. SHRM 40/1, ungual phalanx of Stegosauria indet. from 
Berezovsk Quarry, Krasnoyarsk Territory, Russia (Itat Formation, 
Middle Jurassic) in proximal (A), side (B), dorsal (C), and ventral 
(D) views. 

Abbreviation: lg — lateral groove. Scale bar = 2 cm. 





The pelvic bones are present by fragmentary ilia 
from two individuals (two ilio-sacral blocks SHRM 
210/1 and SHRM 211/1). The acetabulum is poorly 
preserved on all specimens. The most complete is the 
left ilium SHRM 210/1 (Fig. 11A, B). It has a par- 
tially complete anterior iliac process. The process is 
gently curved laterally and slightly ventrally, as usu- 
ally for stegosaurs (Galton and Upchurch 2004, fig. 
16.7; Maidment et al. 2008, fig. 2). Its anterior end, 
known from two isolated specimens (SHRM 45/1 and 
SHRM 214/1) is deep vertically and mediolaterally 
thick along the dorsal margin. The ilium is expanded 
laterally above the acetabulum as in other stegosaurs, 
with a distinct supraacetabular flange. The angle 
between the supraacetabular flange and the anterior 
iliac process is close to 90° (a character considered 
an autapomorphy for Stegosaurus by Maidment et al. 
[2008]). The posterior iliac process is not complete 
but seems to be prominent. The dorsal surface of the 
ilium is flat. 

The ungual SHRM 40/1 (Fig. 12) is the only 
known identifiable limb bone from the Stegosaur 
Quarry (there is also a poorly preserved shaft frag- 
ment possible from the tibia which is not catalogued 
and not described here). The ungual is hoof-like, with 
the proximal articular surface facing posteroventral- 
ly, convex dorsal and concave ventral surfaces. It is 
asymmetrical in dorsal/ventral view suggesting that 
it comes from a side digit. Along one side there is a 
deep cleft for the claw sheath (lateral groove on Fig. 
12B), not present on the opposite side. The distal end 
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Fig. 13. SHRM 212/1, dorsal dermal plate of Stegosauria indet. 
from Berezovsk Quarry, Krasnoyarsk Territory, Russia (Itat For- 
mation, Middle Jurassic) in lateral (A), posterior (B), and ventral 
(C) views. Scale bar = 10 cm. 


is blunt and truncated. There are several relatively 
large vascular foramina concentrated at the distal 
part of the ungual. 

SHRM 212/1 is a poorly preserved but relatively 
complete dorsal dermal plate (Fig. 13). It is a very 
thin transversely triangular asymmetrical plate with 
a somewhat thicker ventral base. The ventral surface 
is slightly concave. There are some vascular grooves 
on the lateral sides but they are obscured by numer- 
ous cracks. 


DISCUSSION 


The comparison of the stegosaur remains from 
Berezovsk Quarry with other stegosaurs is limited 
by fragmentary nature of these remains. Based on the 
recent phylogenetic work by Maidment et al. (2008) 
these remains show the following phylogenetically 
informative characters: 1) horizontal lateral enlarge- 
ment of the ilium present (unambiguous synapomor- 
phy for Thyreophora); 2) dermal armor, including 
scutes, spines and/or plates present (unambiguous 
synapomorphy for Thyreophora); 3) transverse pro- 
cesses of dorsal vertebrae project at a high angle to the 
horizontal (synapomorphy for Thyreophoroidea + 
Emasaurus or for Thyreophoroidea depending on op- 
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Table 1. Measurements (in mm) of vertebrae of Stegosauria indet. from Berezovsk Quarry, Krasnoyarsk Territory, Russia; upper part 
of the Itat Formation, Middle Jurassic (Bathonian). Abbreviations: ACH, anterior height of centrum; ACW, anterior width of centrum; 
ANW, anterior width of neural arch (between lateral margins of prezygapophyses); CL, centrum length (ventral); NAL, neural arch length 
(between anterior and posterior margins of ventral floor of neural canal); NSL, neural spine length (maximum); PCH, posterior height of 
centrum; PCW, posterior width of centrum; PNW, posterior width of neural arch (between lateral margins of postzygapophyses). 








ne ACH ACW ANW CL NAL NSL PCH PCW PNW 
posterior cervical or anterior dorsal vertebrae 
205 40.5 50.5 = 46.3 a — 42.0 55.5 — 
204 50.8 = = 41.8 = = 45.0 = = 
203 58.0 — = 46.4 a — 57.0 59.5 a 
dorsal vertebrae 
18 84.3 93.0 67.1 36.8 = 35.4 83.5 97.7 49.8 
26 84.8 92.0 = 42.1 E — 81.2 89.4 = 
24 81.5 78.1 = 44.0 44.9 29.8 81.3 75.5 46.5 
22 83.4 95.4 75.4 45.9 = 33.5 84.4 101.6 60.5 
19 84.0 92.4 82.3 47.4 45.4 33.1 82.4 84.5 50.1 
21 81.0 80.5 = 47.5 = 33.0 79.8 75.3 = 
23 78.1 72.9 = 47.8 = = 774 73.8 = 
20 61.4 57.4 = 50.2 a 35.0 63.2 56.5 = 
17 66.6 61.1 39.0 52.2 45.5 35.6 66.1 59.9 35.3 
123 63.3 53.2 724 60.8 62.0 59.5 53.2 50.6 67.1 
9 — — = 67.0 5 — 52.3 62.3 51.3 
7 65.9 66.9 60.2 67.9 108.6 55.2 66.3 68.2 51.3 
103 72.8 70.9 72.0 68.9 65.0 — 69.9 68.9 = 
206 69.5 55.8 76.8 71.6 67.4 — 72.6 66.3 = 
8 65.2 66.3 58.0 73.1 114.5 = 64.3 68.4 = 
122 67.3 63.6 = 74.8 = — 65.4 65.4 = 
11 52.5 56.6 48.3 75.4 = — E — E 
104 65.7 64.4 — 77.3 79.9 = 64.5 61.9 56.7 
5 — — 51.2 — 116.7 53.4 — = 39.9 
16 — = = = = = 82.4 = 57.3 
12 — — — — — — — — 51.0 
109 — — 69.6 E = — — E 60.8 
caudal vertebrae 
95 741 68.4 40.3 54.7 51.2 30.5 74.4 68.7 = 
96 724 73.4 E 55.3 E 33.3 76.3 70.4 39.1 
97 69.7 67.3 47.3 55.2 45.2 30.0 T22 69.3 35.0 
98 — — — 51.5 — 30.3 65.9 55.5 — 
99 76.0 74.9 = 52.6 = — 74.5 71.3 44.4 
120 76.2 100.6 19:3 49.7 32.0 30.5 86.9 100.0 60.4 
22 81.3 109.2 84.2 55.6 39.1 32.5 93.5 117.6 67.6 
19 86.1 100.0 88.9 57.3 52.6 34.5 92.2 94.1 55.4 
106 66.9 64.2 = 59.0 47.7 34.9 71.4 59.5 29.9 
17 77.0 72.5 50.0 60.6 45.7 37.3 77.0 69.0 40.4 
121 83.3 91.9 = 64.0 51.1 34.8 85.6 81.4 42.2 


21 96.8 99.8 = 65.8 40.5 37.5 82.3 79.6 45.3 
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timization); 4) large horizontal lateral enlargement of 
the ilium present (synapomorphy for Thyreophoroi- 
dea + Emasaurus or for Thyreophoroidea depending 
on optimization); 5) supraacetabular flange present 
(synapomorphy for Thyreophoroidea + Emasaurus or 
for Thyreophoroidea, reversed in Ankylosauria; the 
same character is cited also as a DELTRAN synapo- 
morphy for Stegosauria, convergent in Scelidosaurus); 
6) anterior caudal neural spine height is greater than 
the height of the centrum (unambiguous synapomor- 
phy for Thyreophoroidea); 7) prominent, ring-like 
cingulum present on maxillary teeth (unambiguous 
synapomorphy for Euryopoda; this cingulum present 
in all isolated teeth from Berezovsk Quarry, some of 
which should be maxillary teeth); 8) prezygapophy- 
ses fused on some dorsal vertebrae (unambiguous 
synapomorphy for Euryopoda); 9) manual and pedal 
unguals hoof-shaped (unambiguous synapomorphy 
for Euryopoda); 10) anterior iliac process projects at 
an angle that diverges widely from the parasagittal 
plane (unambiguous synapomorphy for Euryopoda); 
11) parasagittal dorsal dermal armor is transversely 
thin except at the base (ACCTRAN synapomorphy 
for the clade C: Loricatosaurus, Tuojiangosaurus, 
Paranthodon, and Stegosaurus). 

The Berezovsk stegosaur is not referable to the 
Jurassic Huayangosauridae from China (Huayan- 
gosaurus + Chungkingosaurus) because it lacks the 
autapomorphic reversal for this clade: anterior iliac 
process projects at an angle roughly parallel to the 
parasagittal plane (Maidment et al. 2008). In Huay- 
angosaurus the maxillary teeth lack the ring-like 
cingulum (Sereno and Dong 1992; Galton and Up- 
church 2004). As all isolated teeth from Berezovsk 
Quarry have such a cingulum, this character will 
further differentiate the Berezovsk taxon from Huay- 
angosaurus. 

The Berezovsk stegosaur lacks the dorsal process 
on transverse process of anterior caudal vertebrae. 
Presence of this process isan ACCTRAN synapomor- 
phy for the clade Stegosauridae + Huayangosauridae 
(actually unknown for Huayangosauridae) or a DEL- 
TRAN synapomorphy for Stegosauridae (Maidment 
et al. 2008). Transverse width of tops of anterior cau- 
dal neural spines greater than anteroposterior width 
is an unambiguous synapomorphy for Stegosauridae 
according to Maidment et al. (2008). This character 
is found in SHRM 120/1 (Fig. 9A—C), but majority 
of anterior caudals from Berezovsk Quarry show the 
reversal condition (e.g., Fig. 9D—F). These two char- 
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acters suggest the Berezovsk taxon is not referable to 
Stegosauridae. But on the other hand, the Berezovsk 
taxon possesses a synapomorphy for clade C within 
the Stegosaurinae: parasagittal dorsal dermal armor 
is transversely thin except at the base. Furthermore, 
the materials from Berezovsk Quarry show one char- 
acter considered as an unambiguous synapomorphy 
for Stegosaurus: supraacetabular flange projects at 90° 
from the anterior iliac process. The stegosaur teeth 
from Berezovsk Quarry have a complex network of 
secondary ridges, a character previously considered 
unique for Stegosaurus (Galton and Upchurch 2004, 
p. 350). 

The stegosaur material from Berezovsk Quarry 
show a unique combination of primitive and derived 
character states discussed above, not found in any 
other known taxon of Stegosauria. Presence of more 
than one taxon in this assemblage seems unlikely. The 
Bathonian Berezovsk stegosaur is among the oldest 
representatives of the group. Other Middle Juras- 
sic stegosaurs are known currently from Europe, 
China, and Kyrgyzstan (Galton and Upchurch 2004; 
Averianov et al. 2007; Maidment et al. 2008). The 
Berezovsk stegosaur likely represents a new taxon 
and we hope that discovery of more complete materi- 
als from the Berezovsk Quarry will allow its formal 
description. 
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